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SUMMARY N 6 -methyladenosine (m 6 A) affects multiple aspects of mRNA metabolism and regulates developmental transitions by promoting mRNA decay. Little is known about the role of m 6 A in the adult mammalian nervous system. Here we report that sciatic nerve lesion elevates levels of m 6 A-tagged transcripts encoding many regeneration-associated genes and protein translation machinery components in the adult mouse dorsal root ganglion (DRG). Singlebase resolution m 6 A-CLIP mapping further reveals a dynamic m 6 A landscape in the adult DRG upon injury. Loss of either m 6 A methyltransferase complex component Mettl14 or m 6 A-binding protein Ythdf1 globally attenuates injury-induced protein translation in adult DRGs and reduces functional axon regeneration in the peripheral nervous system in vivo. Furthermore, Pten deletion-induced axon regeneration of retinal ganglion neurons in the adult central nervous system is attenuated upon Mettl14 knockdown. Our study reveals a critical epitranscriptomic mechanism in promoting injury-induced protein synthesis and axon regeneration in the adult mammalian nervous system.
INTRODUCTION
Studies in the past few years have revealed various dynamic modifications of mRNA, including N 6 -methyladenosine (m 6 A), N 1 -methyladenosine (m methylated and unmethylated transcripts, highlighting the highly complex and heterogeneous nature of transcriptomes (Molinie et al., 2016) . So far, m 6 A profiling analyses have been performed mostly with cell lines and bulk tissues due to the requirement of a substantial amount of input mRNA (Li et al., 2016) . In part due to this technical limitation, the m 6 A landscape and its temporal and spatial dynamics in specific regions of the mammalian nervous system in vivo remain largely unknown. In mammals, m 6 A is installed by a methyltransferase complex consisting of Mettl3, Mettl14, and other components, and can be removed by demethylases Fto and Alkbh5 Zhao et al., 2017a) . Recent studies have implicated m 6 A in regulating mRNA processing in the nucleus, and translation and decay in the cytoplasm (Zhao et al., 2017a) . These different functions of m 6 A modifications are believed to be mediated by diverse m 6 A-binding proteins, such as YT521-B homology domain family (YTHDF) proteins (Zhao et al., 2017a) . For example, in vitro studies in cell lines have suggested that m 6 A promotes protein translation efficacy via YTHDF1 and YTHDF3, and promotes mRNA decay via YTHDF2 (Li et al., 2017a; Lin et al., 2016; Meyer et al., 2015; Shi et al., 2017; Wang et al., 2015; Zhou et al., 2015) . Functionally, m 6 A regulates self-renewal and differentiation of mouse embryonic stem cells and glioblastoma stem cells in vitro by promoting mRNA decay (Batista et al., 2014; Cui et al., 2017; Geula et al., 2015; Wang et al., 2014) . During development, m 6 A regulates sex determination and neuronal functions by modulating mRNA splicing in Drosophila (Haussmann et al., 2016; Lence et al., 2016) and maternal-to-zygotic transition via Ythdf2-mediated maternal mRNA clearance in Zebrafish . More recent in vivo studies of embryonic mouse development have revealed deficits in stem cell self-renewal and differentiation in the blood and nervous systems (Li et al., 2017b; Yoon et al., 2017; Zhang et al., 2017) . These studies have established critical roles for m 6 A-dependent mRNA decay in regulating developmental transitions (Zhao et al., 2017a) . The role of m 6 A in the adult mammalian nervous system under physiological and pathological conditions remains largely unexplored. Sensory neurons in the adult mouse dorsal root ganglion (DRG) exhibit robust axon regeneration in the peripheral nervous system (PNS) through a process involving de novo gene transcription and protein synthesis of regeneration-association genes (RAGs) (Costigan et al., 2002; Moore and Goldberg, 2011; Smith and Skene, 1997) . Axon regeneration can also be induced in the adult CNS, for example, by Pten deletion in retinal ganglion neurons and corticospinal neurons (Liu et al., 2010; Park et al., 2008) . Previous studies have identified transcriptional mechanisms that promote intrinsic axon growth capacity (Liu et al., 2011; Moore and Goldberg, 2011; Tedeschi and Bradke, 2017) . More recently, epigenetic mechanisms, including both histone acetylation (Cho et al., 2013; Finelli et al., 2013; Gaub et al., 2011; Puttagunta et al., 2014) and DNA methylation (Weng et al., 2017) , have been shown to promote transcriptional activation of multiple RAGs, and are required for robust axon regeneration of adult mouse DRG neurons upon peripheral nerve injury (Weng et al., 2013 (Weng et al., , 2016 . The discovery of widespread m 6 A modification and its potential roles in regulating RNA metabolism (Gilbert et al., 2016; Li et al., 2016; Zhao et al., 2017a) raises the question of whether an epitranscriptomic mechanism may contribute to axon regeneration in the adult mammalian nervous system. Here we investigated the potential role and mechanism of m 6 A methylation in regulating injury responses and axon regeneration in the adult mouse PNS and CNS.
RESULTS

Peripheral Axon Injury Elevates m 6
A-Tagged Transcript Levels Using a mouse line that specifically labels DRG neurons (Kim et al., 2016) and glutamine synthetase as a marker for surrounding satellite glia, we found that m 6 A was present mostly in neurons within the adult DRGs ( Figure S1A ). Furthermore, peripheral sciatic nerve lesion (SNL) elevated m 6 A levels in adult DRG neurons, reaching a peak around days 1-3 (D1-D3) and then gradually returning back to the basal level (Figures S1A-S1C). We next performed genome-wide profiling of m 6 A-tagged mRNA in the adult DRG under naive and SNL D1 conditions. To overcome limited mRNA input from L4/L5 DRGs of adult mice, we adapted an m 6 A sequencing (m 6 A-seq) method using the SMART2-seq technology, which has recently been used to linearly amplify transcripts for single-cell RNA-seq (Picelli et al., 2014) (named m 6 A-SMART-seq; Figures S1D and S1E). Since the same gene could produce both m 6 A-tagged and untagged transcripts (Molinie et al., 2016) , we applied a statistical approach to identify genes for which a substantial proportion of total transcripts was m 6 A tagged ( Figure S1F ; Table S1 ). The majority of genes with substantial m 6 A tagging were shared between naive and SNL D1 conditions ( Figure 1A ). Interestingly, 129 of 304 known RAGs (Chandran et al., 2016) A-tagged genes were substantially upregulated, while few were downregulated (fold change R 2; Figure 1C ; Table  S2 ). Therefore, consistent with m 6 A immunostaining results (Figures S1A-S1C), peripheral nerve injury mostly elevates m 6 A-tagged transcript levels. Notably, 30 RAGs, including Atf3 (Fagoe et al., 2015; Seijffers et al., 2007) , Sox11 (Jankowski et al., 2009) , Gadd45a (Befort et al., 2003) , and Tet3 (Weng et al., 2017) , exhibited increased levels of m 6 A-tagged transcripts at SNL D1 ( Figures 1C and 1D) . We validated our m 6 A-SMART-seq results for a select group of RAGs using m 6 A-MeRIP qPCR analysis of independent biological samples ( Figure 1E ; Table S3) .
We further performed nonbiased Gene Ontology (GO) analysis for upregulated m 6 A-tagged transcripts. Notably, the most enriched biological term was translation, followed by metabolism-related process ( Figure 1F ). For example, many transcripts encoding ribosomal subunit proteins, such as Rps14, Rps20, Rps23, Rps28, and Rps29, and eukaryotic initiation factors, such as Eif1a and Eif3b, exhibited elevated levels of m 6 A-tagged transcripts at SNL D1 ( Figure 1D ).
For a given gene, an increase in the m 6 A-tagged transcript level could be due to elevated total transcript levels without changes in the proportion of tagged transcripts, or increased tagging with or without affecting the total transcript level.
Therefore, we compared fold changes in m 6 A-tagged and total transcript levels between naive and SNL D1 conditions. The majority of RAGs, such as Atf3, Sox11, Gadd45a, and Jun, exhibited a correlated increase in both m 6 A-tagged and total transcript levels upon SNL, whereas most ribosomal subunit genes with increased m 6 A-tagged transcript levels did not alter their total transcript levels ( Figure 1G ). Taken together, these quantitative analyses reveal that peripheral nerve injury mostly upregulates m 6 A levels in DRGs with an enrichment of transcripts related to (legend continued on next page) sites within transcripts. We next performed m 6 A-CLIP-seq, which provides single-base resolution mapping of m 6 A across the transcriptome (Linder et al., 2015) . Similarly, we adapted the SMART2-seq technology to overcome the small amount of mRNA input from L4/L5 DRGs (named m 6 A-CLIP-SMART-seq;
Figures S2A and S2B; Table S4 ). Under both naive and SNL D1 conditions, we identified m 6 A sites enriched in exons and near transcription start sites and stop codons across transcriptomes ( Figures S2C and S2D ), which is similar to previous findings from cell lines (Linder et al., 2015) . Consistent with our m 6 A-SMART-seq results ( Figure 1A ), m 6 A-CLIP-SMART-seq showed that the majority of m 6 A-tagged transcripts was shared between naive and SNL D1 conditions ( Figure 2A ). Notably, there were dynamic changes in m 6 A sites ( Figure 2B ). Some transcripts exhibited a gain and/or loss of m 6 A sites across the 5 0 UTR, coding regions, and 3 0 UTR, whereas other transcripts displayed region-specific changes ( Figure 2B ; Table S5 ). Multiple RAGs, such as Atf3 and Tet3, gained new m 6 A sites upon SNL ( Figure 2C ). Notably, transcripts encoding retrograde injury signaling molecules, such as Vimentin (Vim) (Perlson et al., 2005) , exhibited dynamic m 6 A sites upon SNL ( Figure 2C ). In general, RAG transcripts exhibited a larger gain in m 6 A sites compared to non-RAG transcripts and new sites were located mostly in coding regions, whereas ribosomal subunit-related genes exhibited a similar gain in m 6 A sites as other genes ( Figure 2D ). Across the transcriptome, GO analysis showed that transcripts with newly added m 6 A sites were enriched for axonal regulation, whereas transcripts with a loss of m 6 A sites were enriched for presynaptic functions of neurons ( Figure 2E ). We next cross-compared m 6 A-seq and m 6 A-CLIP-seq datasets. While many RAGs exhibited increased m 6 A-tagged transcripts and gained new m 6 A sites, most transcripts encoding protein translation machinery components showed increased m 6 A-tagged transcript levels, but not new m 6 A sites ( Figure S2E ).
Together, our quantitative and single-base m 6 A mapping reveals a dynamic landscape of mRNA methylation in adult DRGs in response to injury.
Mettl14 Regulates Injury-Induced De Novo Protein Synthesis
To determine the function of m 6 A in the adult DRG, we examined conditional knockout mice of Mettl14 (Yoon et al., 2017) , a core subunit of the mammalian m 6 A methyltransferase complex . We deleted Mettl14 specifically in post-mitotic neurons in vivo using the Syn1-Cre;Mettl14 f/f (cKO) model. We confirmed Mettl14 deletion in adult DRGs at the protein level by western blot ( Figure S3A ). Quantitative dot blot analysis showed largely diminished m 6 A levels in purified mRNA from cKO DRGs compared to wild-type (WT) littermates ( Figure 3A ). m 6 A methylation has been implicated in regulating both mRNA decay and protein translation of tagged transcripts (Zhao et al., 2017a) . To examine the potential impact of m 6 A on total mRNA levels, we performed RNA-seq analysis of adult DRGs from WT and Mettl14 cKO mice under both naive and SNL D1 conditions (Table S6) . We found very similar gene expression profiles between WT and cKO DRGs, under both naive and injury conditions ( Figure S3B ). For RAGs, we also observed similar induction in WT and cKO DRGs ( Figure 3B) . Therefore, the impact of m 6 A methylation on total transcript levels appears to be minimal under our experimental conditions. We next examined the effect of Mettl14 deletion on protein translation in the adult DRG. We employed the SUnSET assay in vivo to label nascent proteins with puromycin (Goodman et al., 2011; Schmidt et al., 2009) (Figure S3C ). Analysis of WT adult DRGs showed a global increase of new protein synthesis at SNL D1 ( Figures 3C, 3D , and S3D), indicating that peripheral nerve lesion promotes protein translation in the cell body as part of the injury response. In Mettl14 cKO DRGs, SNL-induced protein synthesis was significantly reduced globally compared to WT DRGs, whereas the basal level under the naive condition was similar to WT ( Figures 3C, 3D , and S3D). To validate our result using an independent approach, we examined Atf3, one of the most robustly induced genes by SNL, which has been shown to enhance peripheral nerve regeneration by increasing the intrinsic growth competence of adult DRG neurons (Fagoe et al., 2015; Seijffers et al., 2007) . The Atf3 mRNA was also induced in Mettl14 cKO DRGs, although at a lower level compared to WT at SNL D1 ( Figure S3E ). We confirmed the loss of m 6 A methylation in Atf3 mRNA in Mettl14 cKO DRGs (Figure S3F ). Immunostaining showed little ATF3 protein expression under the naive condition, in contrast to robust induction at SNL D1 in WT adult DRGs ( Figures 3E and 3F ). This induction was drastically reduced in Mettl14 cKO DRGs at SNL D1 ( Figures  3E and 3F ). Using quantitative western blot analysis, further time course analysis showed a delayed induction of ATF3 protein in Mettl14 cKO DRGs ( Figures 3G and 3H) . Together, these results indicate that Mettl14-mediated m 6 A methylation is critical for SNL-induced protein translation in adult DRGs in vivo, which is known to promote axon regeneration of mature mammalian neurons (Abe et al., 2010) .
Mettl14 Is Required for Robust DRG Neuron Axon Regeneration and Behavioral Recovery
We next directly examined the functional role of Mettl14 on axon regeneration of DRG neurons after injury. We first used an in vitro neurite outgrowth assay with primary neurons from adult mouse DRGs . Cultures were infected with AAV2 to express the short hairpin RNA (shRNA) against Mettl14 , followed by re-plating to mimic axotomy. We found that expression of shRNA-Mettl14 reduced the length of the See also Figure S2 .
longest neuronal process of each neuron compared to expression of shRNA-control, indicating an important role of Mettl14 in axon regeneration of DRG neurons ( Figures S4A and S4B ). We next assessed the in vivo role of Mettl14 in functional axon regeneration of adult DRG neurons after SNL. To avoid potential complications of Mettl14 deletion on DRG neuronal development and maturation in the Syn1-Cre;Mettl14 f/f cKO model, we instead infected L4/L5 DRGs in adult Mettl14 f/f mice via targeted intrathecal injection of AAV2/9 expressing Cre (Weng et al., 2017) . This approach leads to infection of over 70% of all neurons, but not surrounding satellite glia, in L4/5 DRGs ( Figure S4C ) (Weng et al., 2017) . Regenerating sensory axons were identified by SCG10 immunostaining at SNL D3 (Shin et al., 2014) . We found that extension of SCG10 + axons was substantially decreased in AAV-Cre;Mettl14 cKO mice compared to WT littermates ( Figures 4A and 4B ). Similar results were obtained from the Syn1-Cre;Mettl14 f/f cKO model ( Figures S4D and S4E ). We observed minimal cleaved-caspase 3 expression in the adult DRG upon SNL, indicating that cell death is not a major factor under these conditions ( Figure S4F ). Regenerating axons of sciatic nerves extend to the epidermis and start to re-innervate the skin of the hindpaw around 2-3 weeks after injury (Weng et al., 2017) . Analysis of skin biopsies showed no PGP9. epidermis of the hindpaw at SNL D7, indicating effective degeneration of pre-existing mature axons of both WT and AAV-Cre; Mettl14 cKO DRG neurons ( Figure S4G ). At SNL D21, innervation to all three epidermal zones by regenerating axons in adult AAVCre;Mettl14 cKO mice was significantly reduced compared to those in WT mice, but no difference was observed under the naive condition ( Figures 4C and 4D) .
To further assess the functional outcome on axon regeneration, we performed a behavioral test to quantify the latency of heat-evoked hindpaw withdrawal (Wright et al., 2014) . Both WT and AAV-Cre;Mettl14 cKO animals exhibited similar response latencies to a radiant thermal stimulus at SNL D1 and D7 ( Figure 4E ). Starting from SNL D18, the withdrawal latency gradually recovered in the WT group, but only minimally recovered in Mettl14 cKO animals ( Figure 4E qPCR analysis showed similar induction of RAGs at mRNA levels in WT and Ythdf1 KO adult DRGs ( Figure S5B ). In contrast, the SUnSET assay revealed a marked reduction of SNL-induced global de novo protein synthesis in adult DRGs of Ythdf1 KO mice ( Figures 5A, 5B , and S5C). Similar to Mettl14 deletion, the extension of regenerating SCG10 + axons was substantially reduced in Ythdf1 KO mice compared to WT mice at SNL D3 ( Figures 5C and 5D ). We observed minimal cleaved-caspase 3 expression in the adult DRG in WT and Ythdf1 cKO mice upon SNL ( Figure S5D ). Together, these results further support our model and identify YTHDF1 as a key player in promoting injury-induced protein translation and axon regeneration of adult DRGs in vivo.
Mettl14 Is Required for Pten Deletion-Induced Robust Axon Regeneration of Adult Retinal Ganglion Neurons
Finally, we assessed whether m 6 A signaling is also involved in axon regeneration in the adult CNS. We employed the model of Pten deletion-induced axon regeneration of retinal ganglion cells (RGCs) in adult mice (Park et al., 2008) . We co-expressed Cre and shRNA-Mettl14 in adult RGCs by AAV, followed by axotomy, axonal labeling, and analysis in Pten cKO or WT mice (Park et al., 2008) . Expression of shRNA-Mettl14 alone did not lead to any axon regeneration of RGCs ( Figure S6A ), but markedly attenuated Pten deletion-induced regeneration compared to shRNA-control ( Figures 6A and 6B) . The ratio of phospho-S6 + RGCs remained the same between expression of shRNA-control and shRNA-Mettl14 in Pten cKO mice ( Figures 6C and 6D ), suggesting that blockage of axon regeneration is not likely to be due to the inactivation of mTOR signaling. Notably, there was a 35.1% reduction in the number of Tuj1 + RGCs upon Mettl14 knockdown in the Pten cKO mice, but not in the WT mice ( Figures 6D, S6B , and S6C), suggesting that Mettl14 is also involved in Pten deletion-induced survival of RGCs. There was a larger decrease in the number of regenerating axons at all distances examined (53.3% reduction on average; Figure 6B ), indicating that the survival effect alone could not explain the impact of Mettl14 knockdown on axon regeneration in Pten cKO mice. Previous studies have shown that survival rates varied dramatically among neuronal subtypes in the adult retina, with SMI32 + alpha-RGCs (aRGCs) surviving preferentially and accounting for nearly all axon regeneration following Pten deletion (Duan et al., 2015) . We found that the percentage of aRGCs among surviving Tuj1 + RGCs was not affected by Mettl14 knockdown in Pten cKO mice ( Figure S6D ). Together, these results suggest that Mettl14 promotes both survival and axonal extension of Pten À/À RGCs after injury in the adult CNS.
DISCUSSION
Our study reveals a critical role of m 6 A epitranscriptomic regulation in injury responses and functional axon regeneration in the adult mammalian nervous system in vivo. De novo gene transcription and protein translation are known to be required for robust axon regeneration of adult neurons upon injury and previous studies have identified important roles of transcriptional and epigenetic mechanisms, including both histone and DNA modifications (Cho and Cavalli, 2014; Trakhtenberg and Goldberg, 2012; Weng et al., 2016; Wong and Zou, 2014) . Our study reveals another layer of regulation and suggests a model wherein PNS injury elevates methylated mRNA transcripts, including RAGs, which are then subjected to enhanced protein translation for effective axon regeneration. The finding that some epigenetic regulators, such as Tet3 and Gadd45 a (Guo et al., 2011; Yao et al., 2016) , are m 6 A tagged suggests a potential interaction between epigenetic and epitranscriptomic pathways. Our initial study also suggests a similar role of m 6 A epitranscriptomic regulation of induced axon regeneration in the adult mammalian CNS. Mechanistically, our study provides in vivo evidence for a critical role of m 6 A in promoting protein translation in the mammalian system. Different from previous findings on the in vivo role of m 6 A-dependent promotion of mRNA decay in regulating embryonic development (Li et al., 2017b; Yoon et al., 2017; Zhang et al., 2017; Zhao et al., 2017b) , the impact of m 6 A methylation on total mRNA levels appears to be mini- injury-induced global protein translation in adult mouse DRGs in vivo via YTHDF1. De novo protein synthesis is known to be critical for axon regeneration in the adult mammalian PNS and CNS (Belin et al., 2015; Cho et al., 2015; Donnelly et al., 2013; Jung et al., 2012; Rishal and Fainzilber, 2014; Song and Poo, 2001; van Niekerk et al., 2016) . We have identified three classes of transcripts with substantial m 6 A tagging. First, many transcripts encoding RAGs exhibit elevated m 6 A levels and new m 6 A sites upon SNL. Second, some retrograde injury signaling molecules exhibit m 6 A tagging and increased m 6 A sites upon SNL. This result raises the possibility that m 6 A tagging may promote local protein translation to enhance retrograde signaling upon injury, which is known to be required for robust axonal regeneration of DRG neurons (Rishal and Fainzilber, 2014) . Third, many transcripts encoding the molecular machinery for protein translation, including both ribosomal subunits and initial complex components, are themselves m 6 A tagged. Therefore, injury may promote global protein translation by augmenting the general translation machinery. Together, this injury-induced reconfiguration of the epitranscriptome may prioritize mechanisms to synthesize critical factors and rapidly turn on the regenerative program. How the specificity of dynamic m 6 A modification arises is an important question for future investigation. Our detailed analysis of ATF3 in Mett14 cKO mice showed a delayed induction at the protein level ( Figures 3G and 3H ), yet functional axon regeneration did not recover ( Figure 4E ). It is likely that injury induces a coordinated response with a cascade of de novo gene expression and protein synthesis. We thus propose a model wherein m 6 A methylation is critical for the coordination of new protein synthesis in injury responses, deficits of which lead to defective axon regeneration and functional recovery. Typically, MeRIP-seq and HITS-CLIP-seq have been used for m 6 A or protein-RNA interaction profiling. One major technical limitation of these methods is that the library preparation normally requires a large amount of starting material and the process involves multiple tedious steps. To overcome limitations imposed on the quantity of source material imposed by the small number of axotomized DRGs, we developed new methods for library construction to quantify m 6 A-tagged transcript levels and identify m 6 A locations. Our approach not only utilizes a template-switching mechanism to avoid effects of ligation bias, but also substantially increases the sensitivity and shortens the processing time. These techniques will allow analyses of epitranscriptomes, including m 6 A, m 1 A, and potentially other mRNA modifications, in a tissue-specific manner. m 6 A levels increase over development in the mouse nervous system (Meyer et al., 2012) and can be dynamically regulated via active demethylation (Jia et al., 2011; Zheng et al., 2013) . Recent studies of the m 6 A demethylase Fto have revealed its critical roles in regulating adult neurogenesis (Li et al., 2017c) , memory formation and consolidation (Walters et al., 2017; Widagdo et al., 2016) , and local axonal protein translation (Yu et al., 2017) . Together with these studies, our findings suggest that m 6 A mRNA methylation may play a broader role in normal physiology and responses to pathological stimuli in the adult mammalian nervous system.
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METHOD DETAILS AAV constructs
The recombinant AAV2/9 vectors for Cre and GFP were from the UPenn Vector Core. AAV2 for shRNA-control and shRNA-Mettl14 were constructed and prepared in house.
Animal surgery
Intrathecal injection of AAV2/9 was performed in adult 6-8 weeks old male mice as previously described (Weng et al., 2017) . Briefly, 3 mL of viral solution was injected into the cerebrospinal fluid between vertebrae L5 and L6 using a 30 gauge Hamilton syringe slowly over 2 min followed an additional 2-minute wait to allow the fluid to diffuse. Following the injection, the mice were left undisturbed for 3 weeks for recovery and for complete dissemination of the virus. For sciatic nerve lesion (SNL), mice were anesthetized and a small incision was made on the skin at the mid-thigh level. The sciatic nerve was exposed after opening the fascial plane between the gluteus superficialis and biceps femoris muscles. The nerve was carefully freed from surrounding connective tissue and then crushed for 15 s at 3 clicks of ultra-fine hemostatic forceps (F.S.T. 13021-12). The crush site was labeled by Fluoro-Max dyed blue aqueous fluorescent particles (Thermo Fisher; B0100; Figure S4D ). Skin was then closed with two suture clips. For the sham surgery (the naive conditions), the sciatic nerve in the contralateral side was exposed and mobilized but left uninjured. For the thermal withdrawal test and skin biopsy experiments, the saphenous nerve was ligated and transected above the knee region after sciatic nerve crush, so that the hindpaw epidermis could only be innervated by regenerating sciatic nerve axons.
For optic nerve injury, the procedure was performed as previously described (Park et al., 2008) . Briefly, individual AAV-shRNA-control or AAV-shRNA-Mettl14 was mixed with AAV-Cre and intravitreally injected to the left eye of adult WT or Pten f/f mice. Two weeks after viral injection, the left optic nerve was exposed intraorbitally and crushed with jeweler's forceps (Dumont number 5; Roboz) for 5 s, approximately 1 mm behind the optic disc. To visualize regenerating axons, RGC axons in the optic nerve were anterogradely labeled by 1 ml of cholera toxin b subunit (CTB; 2 mg/ml; Invitrogen) 12 days after injury. Animals were fixed by 4% PFA 2 days after CTB injection in the eye. Quantification of regenerating axons was also performed according the previously described method (Park et al., 2008) .
DRG cultures and neurite outgrowth assay DRG primary culture was performed as previously described . Briefly, mice were anesthetized and perfused with sterile PBS. L4-L6 DRGs were dissected, washed in cold HBSS medium and then digested in 0.1% collagenase (Invitrogen; 17100017) in HBSS for 90 min. After triturated into single cell suspension, DRG neurons were precipitated at room temperature for 20 min and plated on a coated culture dish. Cultures were infected with AAV co-expressing Cre and different shRNAs (Key Resources Table) . For re-plating, DRG neurons cultured with AAV for 10 days were gently flushed, resuspended and replated on a coated culture dish. The replated neurons were cultured for another one day and fixed for Tuj1 staining. The average lengths of longest neurites from each DRG neurons were measured and quantified by ImageJ.
A-SMART-seq mRNA from total RNA of adult mouse DRGs was purified with Dynabeads Oligo (dT) 25 (Thermo Fisher; 61006) . Five mg of anti-m 6 A polyclonal antibody (Synaptic Systems; 202003) was conjugated to Dynabeads Protein A (Thermo Fisher; 10001D) overnight at 4 C. A total of 150 ng of mRNA was then incubated with the antibody/beads in 1x IP buffer (10 mM Tris-HCl, 150 mM NaCl, and 0.1% (vol/vol) Igepal CA-630), supplemented with 200 U SUPERase In RNase Inhibitor (Thermo Fisher; AM2696), for 2 hr at 4 C. After incubation, the beads were washed 3 times with IP buffer and the m 6 A RNA was eluted twice with 6.7 mM N 6 -Methyladenosine (Sigma-Aldrich; M2780) in 1x IP buffer. The eluted RNA was extracted with Trizol reagent (Thermo Fisher; 15596018) and recovered Punch biopsies of glabrous footpad skin from hind paws were collected for the quantification of nerve re-innervation (see Figure S2J in Weng et al., 2017) . The biopsy was prepared and post-fixed in Zamboni's fixative. Samples were mounted on gelatin-coated slides and stained with rabbit anti-PGP9.5 which visualizes nerve fibers. To quantify regeneration, nerve fiber density was counted across 3 zones (defined in Figure 2F in Weng et al., 2017) .
Behavioral analysis
The thermal withdrawal behavioral test was performed following a previously established protocol (Wright et al., 2014) . Briefly, the mice were placed on a glass surface with a consistent temperature of 30 C. The plantar surface of the hindpaw was heated using a focused, radiant heat light source (model 33 Analgesia Meter; IITC/Life Science Instruments, Woodland Hills, CA, USA). A timer linked to the light source was used to measure the paw-withdrawal latency. Only quick hind paw movements away from the stimulus were considered to be a withdrawal response, and seven individual measurements were repeated for each paw (Weng et al., 2017) .
Optic nerve regeneration quantifications
Quantification was performed as previously described (Park et al., 2008) . For RGC regenerating axon quantification, the number of axons at different distances from the injury site was estimated by the following formula: P ad = pr 2 3 [average axon numbers per mm/t], where r is equal to half the width of the nerve at the counting site, the average number of axons per millimeter is equal to the average of (axon number)/(nerve width) in four sections of one optic nerve, and t is equal to the section thickness (8 mm). For RGC survival and pS6 + RGCs quantification in the whole mount retina preparation, twelve images (three from each quarter, covering from inner to outer retina) of each retina were captured under a confocal microscope. Tuj1 + or pS6 + RGCs were quantified in a blinded fashion. Quantification of SMI32 + RGCs was performed from images of Tuj1 and SMI32 immunostaining on retina sections.
QUANTIFICATION AND STATISTICAL ANALYSIS
Data in figure panels reflect several independent experiments performed on different days. The number of animals used for experiments is listed in the figure legends. An estimate of variation within each group of data is indicated using standard error of the mean (SEM). We performed two-way ANOVA tests for assessing the significance of differences between two treatments based the data properties or as indicated in the figure legends.
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